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Bizot gives the average diameter of the aorta at its origin as 
7 cm. in males and 6.4 cm. in females. Beneke gives the average 
in youth as 6 cm. The authors mentioned found in the narrow 
aortas a circumference of 4.2 to 5.2 cm. 
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KERNIG’S SIGN: 

WITH REPORT OF CASES WHERE THE ANGLE HAS BEEN ACCURATELY' 
DETERMINED. 

By Joseph L. Miller, M.D., 

or CHICAGO. 

Kernig, on September 21, 1882, read a paper before the St. 
Petersburg Medical Society on the presence of a sign which he 
considered pathognomonic for meningitis and which has since been 
known as Kemig’s sign. This sign consists in inability to extend 
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the leg fully when the thigh is at right angles to the trunk. Kernig 
made the test by haring the patient sit on the edge of the bed with 
legs overhanging and then attempting to extend the legs. Osier 
first called attention to the fact that the sign could be elicited by 
haring the patient lie on his back, and then, after flexing the thigh 
on the trunk to a right angle, an attempt is made to extend the leg 
on the thigh. This is a more satisfactory position, as it enables us 
to determine the angle with greater ease, and even very sick patients 
are not inconvenienced. Rudolph recommended making the test 
by first fully extending the leg, then flexing the thigh on the pelvis 
and measuring the angle at the hip, as by doing this only one angle 
need be gauged, while in the original method the thigh must first 
be placed at right angles to the trunk and then extend the leg. This 
I believe is an unnecessary refinement, as it is not essential that the 
angle of the thigh to the trunk be exactly a right angle, but approx¬ 
imately so, a point which can be sufficiently gauged by the eye; 
and, second, on account of the more irregular contour of the parts 
at the hip, it is more difficult to measure the angle with an instru¬ 
ment than it is at the knee. In the normal individual the leg can 
be almost completely extended when the thigh is at right angles to 
the trunk. Kernig reported that in case the sign was positive, the 
angle was about 135 degrees, but might reach 90 degrees, and since 
then the generally accepted view has been that an angle of 135 
degrees or less is a positive Kernig. He called especial attention to 
the fact that in a patient with positive signs the leg could be com¬ 
pletely extended, if the precaution was not taken to place the thigh 
at approximately a right angle to the trunk. He also reported that 
the sign might be present in the arms. He considered that this 
was an early and constant sign in meningitis, often persisting until- 
the patient was well along in convalescence. His conclusions were 
based upon the examination of 15 cases of meningitis, the diagnosis 
being confirmed in 8 by autopsy. Thirteen of these cases were of 
the cerebrospinal form, 1 tubercular, and 1 suppurative. He also 
obtained the sign in spinal caries, pachymeningitis hemorrhagica, 
localized meningitis from otitis media, 1 case of hyperamia of the 
meninges which he reports was possibly a beginning tuberculosis, 
chronic leptomeningitis, and a slight Kernig in a case of oedema 
of the pia. 

Kemig’s paper did not excite much attention. The first published 
confirmation of his results was made by Friis, in 1887, and again 
in 1892. Since then numerous reports have been made. All of 
these have emphasized the diagnostic value of the sigir, and yet 
many of the recent works on medicine, neurology, or diagnosis fail 
to mention the sign; others merely refer to it without commenting 
on its value. None of these w orks report the various conditions, 
besides meningitis, where the sign is present or give accurate informa¬ 
tion as to w T hat degree of flexor contraction constitutes thejsign. 
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The lack of general knowledge of the subject is due, in part, to its 
unreliability. However, we have comparatively few signs which 
can be looked upon as pathognomonic, and lack of constancy 
merely lessens the value of the test, provided we are familiar with 
the source of error, and thus give it the proper weight. 

Herrick reported 19 cases of meningitis: 9 cerebrospinal, 2 
pneumococcus, 7 tubercular, 1 syphilitic. In 2 cases, 1 probably 
tubercular, the other following a pneumonia and associated with 
otitis media, the sign failed. Both of these cases were children, 
aged three and four years respectively, and the test was only made 
shortly before death, which may account for the result, as it has 
been noted that the rigidity of the neck may disappear or be much 
lessened just before death. In 1 case of probable tubercular men¬ 
ingitis, it was present in one leg, but not in a typical manner in the 
other. He examined 25 healthy individuals, in all of whom the sign 
was absent. In 100 cases of various troubles, the Kemig was 
present in only 2, 1 a gonorrhoeal rheumatism of the knee, the 
patient having remained in bed with the legs flexed for several 
weeks, the other a subdural hemorrhage. 

Netter has published two series of cases of meningitis, in all 72 
in number, with positive Kernig in 91 per cent. In 1 of the negative 
cases the child had an advanced tuberculosis, in another the test 
was made only once. 

Friis, of Copenhagen, in 1887, reported xt present in 53 out of 00 
cases. In 2 of the negative cases the test was doubtful, in 3 
the examination could not be properly made, and in 2 it was 


absent. 

In a later series in 1892, all of which were of the epidemic type, 
it was present in 21 out of 26 cases. He considered that there was 
no relation between the sign and the rigidity of the neck. 

Bull found the sign present in a case of tuberculous meningitis, in 
a solitary tubercle of the cerebellum, with a few miliary tubercles in 
the overlying pia, and in a case of otitis media, with thrombosis of 
the transverse sinus and basal ecchymosis. 

Blumm reports it present in 7 out of 9 cases of cerebrospinal 

meningitis. , 

Thyne, in a case with hemorrhage into the right lateral lobe ol 
the cerebellum and the fourth ventricle. 

Packard reported several negative cases: 1, a child, aged sixteen 
months, with general miliary tuberculosis, the membranes of brain 
and cord being involved, where daily examination gave negative 
results. In a second case of leptomeningitis following pneumonia, 
the sign was always absent. In a third case with miliary tubercles 
over the motor area of the cortex, repeated examinations were 
negative. He did not attach much importance to the sign in 
infants. 

Magri refers to cases where, in uncomplicated typhoid nnu pneu- 
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monia, the sign was present, and to a case of his own where the 
patient had sciatica. 

Sailer found the sign present in a case of focal encephalitis of the 
ascending parietal lobe with the overlying meninges congested, and 
in a patient where the diagnosis of unilateral lesion of the medulla 
was made. 

Clark, in 2 eases of tubercular meningitis, never found the angle 
less than 150 degrees, and the sign was absent in a case of acute 
cerebrospinal meningitis of undetermined bacterial nature, where 
there was marked exudate over the thoracic cord. 

Rudolph, by means of an instrument, measured the angle in 162 
cases, found it less than 180 degrees in 60 per cent, of cases; 165 
degrees or less in 0.4 per cent.; 135 degrees or less in 6 per cent. 
As above mentioned, his method was to measure the angle at the 
hip. Shields measured the angle in 100 cases, both febrile and 
afebrile, and in 5 found an angle of 120 degrees or less. Two of 
these were typhoid; in 1 unilateral, 100 degrees; the other bilateral, 
110 degrees. In the former it did not disappear during con¬ 
valescence. One case of uraemia, angle 110 degrees. The other 2 
were hemiplegics, with angles of 115 degrees and 120 degrees 
respectively. 

My own observations were confined chiefly: first, to acute infec¬ 
tions—mainly typhoid and pneumonia; second, various forms of 
meningitis; third, central and peripheral nervous troubles; fourth, 
patients who had been confined to bed for several weeks, chiefly 
convalescents from acute infections and surgical cases. The material 
was obtained from the Cook County Hospital. The angle was 
measured by means of an inclinometer, an instrument of accuracy. 
On account of the irregular contour of the parts, it is, of course, 
impossible to obtain very exact measurements, even with an accurate 
instrument. All the tests were made with the patient in the dorsal 
position. The thigh was first placed at right angles to the trunk, 
then the leg was extended on the thigh until it either caused pain 
or could not be farther extended without using considerable force. 
Babins Id’s reflex was observed in most of the cases, and the results 
of this test are placed in the table. 

In none of the cases examined was there an angle of 180 degrees, 
and in several healthy individuals it was impossible to obtain this 
angle without either allowing the thigh to recede from its position 
at right angles to the trunk, or using sufficient force to cause dis¬ 
comfort, the average angle being about 165 degrees. 

An angle of 115 degrees or less has been considered a positive 
Kemig. This I believe is better than 135 degrees, as suggested by 
Kemig, as it excludes very few cases of meningitis, and an angle of 
135 degrees is not infrequent in other conditions. A bilateral test 
was made in all cases. In the following table are summaries of the 
results: 
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Disease. 


TolAi 

ruses. 


Kemig , 
presell Is i 

115° or less.. 


Ancle 

I2i°. 


Typhoid. 

Transverse myelitis. 

Hemiplegia. 

Syphilitic spastic paraplegia . 

Primary spastic paraplegia 

Circinomaof spine. 

Infantile t>aralysis. 

Multiple neuritis. 

Sciatica. 

Delirium tremens. 

Hysteria. 

Tetany. 

Uremia. 

Illuminating-gas poisoning 
Cerebrospinal meningitis 
Tuberculous meningitis .... 
Dlplococcus pneumoniae meningitis 
Cerebrospinal syphilis .... 

Thigh fineture. 

Pneumonia. 

Locomotor ataxia. 

Lumbago. 

Pericarditis. 

Tetanus. 

Status cpilcpUcu*. 

Chronic chorea. 

Acromegaly. 

I’aialyats agitans. 

Syringomyelia. 

Multiple Gclcrofiis. 

Typhoid spondylitis. 

Landry's paralysis. 

Trichinosis. 

Gonorrhoeal myalgia. 

Progressive muscular atrophy . 
Amyotrophic lateral sclerosis . 

Brain abscess. 

Surgical cases exclusive of thigh fractures 
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A Kemig was present in 45 of the 190 cases. Four of the 10 
cases of meningitis failed to give the reaction, although 1 of these 
had an angle of 120 degrees. This was an epidemic cerebrospinal. 
One epidemic cerebrospinal .had an angle of 150 degrees in the 
second week. The other negative cases were 1 each of pneumo¬ 
coccus and tuberculous meningitis, the latter giving an angle of 
125 degrees. Strictly speaking, in only 2 cases of meningitis was 
there an absolute absence of the Kemig sign. In 1 of the cases 
the sign only appeared late, several days after a lumbar punc¬ 
ture, demonstrating the specific micro-organism. The diagnosis 
in all of these cases was verified either by lumbar puncture or 
autopsy. 

Positive results were obtained in 7 of the 17 hemiplegias, and 4 
others had an angle of 125 degrees or less. The sign was bilateral 
in 4 cases. One of these proved to be a hemorrhage into the ven¬ 
tricle. One was a double hemiplegia, with an interval of several 
weeks between the attacks. The other 2 were apparently uncom¬ 
plicated hemiplegias, with no especial evidence indicating a ven¬ 
tricular or basal meningeal process. 

Seven cases of Erb’s syphilitic spastic paraplegia were examined: 
4 gave the Kemig bilaterally, 1 had an angle of 120 degrees, the 
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other 2 were completely negative. A case of primary spastic para¬ 
plegia was positive. 

Of interest is the positive test in 3 of 16 cases of multiple neuritis, 
and 3 cases with an angle of 120 degrees, and 3 with an angle of 
125 degrees. The sign was bilateral in all the cases. The majority 
of the cases examined were of several weeks* standing; 1 of the posi¬ 
tive was of two months* duration, another one week. Only 3 cases 
of this series had an angle greater than 145 degrees. 

Twelve sciaticas were examined, with 2 positive results. One of 
the negative cases had an angle of 125 degrees; another 120 degrees. 
The positive cases were both of a severe type. The patient with an 
angle of 125 degrees had a very mild attack. 

Several have reported the sign present in uraemia. Only 2 cases 
were examined for the sign, and both were positive; 1 bilateral, the 
other unilateral. 

Three out of 4 cases of cerebrospinal syphilis gave a bilateral 
positive test, the other was completely negative. 

With a view of ascertaining whether the sign might develop in 
patients who had been confined to their bed for several weeks, the 
uninjured extremity in 3 cases of thigh fracture was examined, with 
1 positive result and 1 with an angle of 120 degrees. Two patients 
who had been in bed for three weeks following a herniotomy were 
negative. Two patients in bed for four and six weeks, respec¬ 
tively, with fractured ribs were negative. 

The pneumonias examined were the severe cases that entered 
the hospital. In all 22 cases were tested. Three gave a positive 
Kernig, 5 gave an angle of 125 degrees, and the remainder were 
negative. In those who gave the test there were no signs or 
symptoms of meningitis. The typhoids examined included those 
in the active stage of the disease and convalescents—the latter for 
the purpose of determining whether a prolonged stay in bed was a 
causative factor in the sign. In all 48 cases were examined: 4 were 
positive, 5 had an angle of 120 degrees, 9 an angle of 125 degrees. 
Twenty-four were in the active stage of the disease, 19 of these at 
least moderately severe cases. None of these gave a Kemig, all of 
the positive cases being- in the convalescents. Those giving an 
angle of 120 degrees, 5 in number; 3 were in the active stage of the 
disease, 5 convalescents. Those giving an angle of 125 degrees, 5 
were in the active stage of the disease, 4 convalescents. Only 1 of 
the convalescents had lain in bed with the knees drawn up. 

Two cases of trichinosis were examined. In both of these the 
diagnosis was confirmed by finding the unencapsulated parasite in 
a piece of excised muscle and by the presence of an eosinophilia. 
One patient was in the very acute stage with intense muscular 
rigidity and soreness, sufficient, at least, to suggest a meningeal 
process, and the angle was 120 degrees. The other patient was in 
early convalescence, and the sign was negative. 
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The patient with the illuminating-gas poisoning died, and, as an 
autopsy was not obtained, it would be impossible to exclude a chronic 
cord or cerebral lesion which might have been responsible for the 
sign. # # ... 

The results of these tests agree quite well with the investigations 
of others, and Henoch was first to call attention to the unreliability 
of the sign. Its frequency in other conditions, some of which may 
resemble meningitis, as an illustration, trichinosis and uriemia, 
lessen its diagnostic value. Its not infrequent absence in meningitis, 
especially in the tubercular form, and its often late and transitory 
appearance, lessens its significance. On account of its late or tran¬ 
sitory appearance, daily or at least repeated examinations should 
be made. The presence or degree of sign is uo index of the severity 
of the symptoms or gravity of the case. 

Several theories have been advanced to explain the cause of the 
Kemig phenomena. 

Netter considered that on account of inflammation the roots of 
the spinal nerves were irritated, and in extending the leg on the 
thigh the sacral nerves are stretched, causing reflex contraction of 
the flexors. 

Friis suggested it was due to irritation of the cauda equina by the 
infected cerebrospinal fluid. 

Chauffard' considered it an exaggerated normal phenomena due 
to hypertonicity of the muscle. 

Sailer would explain the sign by an irritative lesion of the 
pyramidal tract that diminishes but does not destroy its func¬ 
tional activity. 

Rudolph believes the increased muscular tone, probably due to 
cerebellar irritation, is responsible for the sign in meningitis, and 
that recumbency may be the cause in some cases. 

Several have explained the phenomena by increased intracerebral 
pressure, but Roglet’s experiments show that in animals increased 
intracerebral pressure does not cause a muscular contraction of 
this nature. Rudolph reports slight decrease in the Kernig after 
spinal puncture. 

From a clinical standpoint, it would appear that the various 
disease conditions in which the sign may be found excludes the 
probability of a common origin. Setter's view of nerve irritation 
might explain its frequency in meningitis, neuritis, and sciatica. 
Pyramidal-tract involvement offers the most plausible explanation 
of its presence in hemiplegia and spastic paraplegia. ^ 

Babinski’s reflex was examined in most cases, in quite a number 
of patients contractions either negative or positive could not be 
obtained. In those who gave a positive reaction, repeated tests were 
made in order to be certain the reaction was not accidental, and any 
case that showed a single plantar flexion was classed as negative. 
In 17 cases of hemiplegia 11 gave a positive reaction, 5 negative, 



MILLER: KERNIG'S SIGN. 


1071 


and 1 not tested. A case of illuminating-gas poisoning gave 
a typical positive reflex. As the patient died, we were unable to 
exclude a possible pre-existing cord lesion. Two typhoids gave the 
reflex; it differed, however, from the cases with lateral tract involve¬ 
ment by being slow and of very moderate degree, but always getting 
a dorsum flexion; neither of these cases had any other signs of 
involvement of the lateral tract. One of 4 cases of cerebrospinal 
syphilis was positive, and it is not improbable that the substance 
of the cord was involved. One case of gonorrhoeal myalgia gave a 
slight positive reaction. A case of progressive muscular atrophy 
without any other signs of lateral-tract involvement gave the test 
in a very typical manner. The reaction was characteristic in a 
case of amyotrophic lateral sclerosis. One of 4 cases of transverse 
myelitis gave a positive test, and 1 case of carcinoma of spine. 
Seven of the'8 cases of spastic paraplegia were positive. 

Summary. 1 . A maximum angle of 115 degrees gives more 
valuable results than does an angle of 135 degrees, as proposed by 
Kernig. 

2. The angle obtained in any individual case depends, in part, 
upon the force used in extending the leg, and for this reason actual 
measuring of the angle is not essential. 

3. The sign is present in a large percentage of the cases of menin¬ 
gitis; it is, however, not constant, may be transitory, or only appear 
late; therefore, daily examination should be made for its presence. 

4. It is present in a typical manner, occasionally in a number of 
widely different disease conditions, and for this reason it is probable 
that there is not a uniform cause for the sign. 

5. The sign is occasionally unilateral, exclusive of cases-of hemi¬ 
plegia or local trouble, which might explain its unilateral presence. 

6. The presence of the sign in cases of suspected meningitis is 
merely another factor favoring the diagnosis. Its absence, especially 
early, is not infrequent, and should not be allowed to outweigh the 
positive findings. 
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